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(a) 21^-^6 Jim x 2iW±© 5lfXli 1 •sKi^ 6 lii 1 5 Si<0 

i8£-« i ^xo^mfr^fr < t & i ^tt&mz&femtfomm 

^ csfe ✓jc 2 J 

(it** 4 ] 

m#s^#i££Ht:*§ii&£i-# 21@^±<7> 6 urn, 5 imxtt^n^m^fr-efc-g'tf 

[Si5fcJl 5 ] 

mt^n^mR^mmm^ >Ty*&&m#.m 1 - 4 ov>r tt^ 1 «^ib«o^ 

[f»#SC8) 

m^^^Rtt**^**^ >f 1 2m^«7>^<7>ii-^£'^frii5fc« 1 - 5 
mu^n^mR^mmm^ >r> try 9 u> kom&vai'Strm&m 1 ~ 5m* 

11] 
2] 

>f y^v* J tliriB#5R^#«^b**«K»<o*Sfl«ij«^-r*^> ^*i£><D*H&3 011% 

[St 5&5l 13] 

^^^v^tiirfB^m^^K^bTk^fl-o^HM^-c**), -eii few* it* 4 oit% 

W±#|ELTV^W^^l 2|B®c7)^o 
[SS^Sl 4] 

^±#^fCv^m^]Sl 2|E®<7)^&o 
[fi!>fcJM 15] 
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Btrie3-;i/^-;V(0^^^ *3J:^^JIT-C^l 2 0lC:d*&£i2 0 0 tKOiSj^fSffl-C 

2 0] 

lftfB3-;i^-;K7>?^!&a s . 33 .fc^-^BETT-ifc 1 0 0Vfrh%}2 2 0 'C<7)S.JK$£H-C 
[^*«2 1] 
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1 Oj^±<7)^^^-g-tf 2 7 fsm^ifco 
[1^*2 9] 

*lB5«IJfc«**«* £ <€-:fc^BET-C#b 1 8 2W^*fj2 2 0 "C^SJSfSB-CJ&JfcS 1 
[If 3^3 0] 

mttmm®ya&& xtt^mT-em 1 6ot;^^i7 7 < c<7>isj£t£B-cj&ifc$*i& 1 
[ m$L-%. 3 1 ] 

^rlBSMS^Ji. 2&±<Dn*&-?Z>P AH s £4?&< t *>&)3 0lI%ttSl^ 

2 7 IB®<7)^o 

[1^3 2] ; 
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1 tf)v»fti^ 1 MKsZWLvyft&o 
[IM3 4] 

mu&m%mmfftft&%mm*& i-e^^BET-cajat^v^T^-c***** 1-31 
i~3i «>v>t 1 ^^iem<7)*&o 

[IM3 6] 

mu^mmmmtiumm^t. ^--r-t, m'*- wtfiitzmmKW.fr firm 

i/? ^ - t ^ttsf ly^f ^ J: ot^? tiSi^S 1 ~3 swfiifr 

[lt*3l3 8] 

[I*«3 9] 

6 IBEO^fto 
[11*^4 0] 

[M^^4 1 ] 
4 2 ] 

i»£JBv>*:flfcffim: oT55-S£$ft&?»^4 l|B«c7)^ 0 
[fl»*£4 3] 

75-1/ > J&«1&?B»fcl»#' * ft* 1-42 <D^~fHfr 1 3StB«a>*tto 

[0001] 

z.<7>mmiu 2 00 i^8B3 oatctbSJ^cT^'j^fttiiNo. 6 0/31 6, 3 

1 4 t 2 0 0 2 =¥3 ft 1 5 BfcBHfiSfLfcT;* 'J #HlMN o. 10/099, 095£t> 
[0 0 0 2] 

a-it^KJ:* (19 9 1) S c i . Am. October, p 5 4 - 6 3 > Y's*. 
^jV^77f7-fi;J:l> (1990) Nature347 : 3 5 4 - 3 5 8 > 7*4 7*9 
y K^K£Z> (1991) Sc i enc e 2 5 2 : 5 4 8 - 5 5 1) , V*7- Vy\t%m 

ps>*k mftmmwffittmm. #*»«R*m;ftcrM, v^v^nmomm. « 
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j£jp#->K>:f-y^-a.-7* (swnts) . &m* (MWNT 

^■tfo r7 7-P>J <7>fflf§te. id-Cli-jiSW^. >£<7>^8:i:ttS!JK % W^M&^SM 

OSIFCTO^ C76, C78, C 8 4 *-&tf * <9 * £ &5H^» t LTft <b ftTV>& 7 
Mfctt. C2n «IL. nf*5 0J^±) "C^S *t£ J: ») ^<0^i© 7 7 - 

HfcSlt^fcStmtt^TntfctK Xl±£*Ui *m<oM£ Lv^#S£**l£ 

yum vmmits m.fc%Lx®.mz*i2>m&K\±. tittnLi zmw* 

[0 0 0 31 

KUtbxm^o ztih<Dwn<v®&tommK^xma+^z$£fcK^>\,*xmx-2>t. z. 

Z<D%mte. |[Lt75-l/>i^l!!<o*-^t>tj-^:^t^ii:»tJf3 

7 9~l'>c7)^miC^-LTJi, T-*&; (7> 9 5&#Hf5, 2 2 7, 0 3 8^t5, 8 7 
6, 6 8 4^) , m^tf-A^ft (TJ ';*#»5, 3 1 6, 6 3 6"^) t, 'X#k (fl) 

m*5k$Lt&'K#k) *¥K&VZ>m%m. {T*V*ftft5, 273, 7 2 9^, 5, 
9 8 5, 2 3 2^i:6, 16 2, 4 1 If , - Kf 1 9 9 l^Na t u r e 

3 5 20139-14 1, ^-7-K*Ki4'1 9 9 2^0j-. Phys. Chem. 9 
6 : 6 6 5 7, ^-7- K^ici Z> 1 9 9 2#<7>C a r b o n3 0 : 1 1 8 3, > 
l 9 9 2^C omb. F 1 a m e 8 8:1 0 2) &9l\titlX^2> 0 

&&.K&m2tix&tzo r-t^-^>^h<oy^-uy±M&it^KiSu^ (^7- K*c 
Ul 9 9 2#Carbon30 I 1 183) o f&JE (i3<£^35Torr) X&MVtM 
(D^M&mffifcK&tf & s<y 1* > frb<r>tkmii* ^y^y^^fj-tfyfrh^MSb&yy 
-^>c7)*-^>"\co^^lb0. 5%-e&&o 

i-y ? uy^mMK&if&yy- I'VOlfctHK-a^fli, /<?f7^i:J: & l 9 9 4# 
Chem. Phys. Lett. 2 2 3 : 5 0 6 -5 1 OiaoTiSJtiTV^, ^© 

fflfcfcfcuT, 77- vy<D^mt^yMyHkX *)i-y? vy&^ib&^ftK&^xvyfi 
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f-5-fCUl 9 9 3^Na t ur e366 : 728-73 1 KMU 1 OOOtlJC 
&\t2>1-7? vy<n$k5m\^ i oTC 6 0 75*BfifcS*t&£ t^?tlTV^|> 0 CKTJi&S 
fcJ:S:7 9-l'i'&MMU M^SJtfc-J-^l^^gitM-L-CO. 5 £ #ft 

4?>y&K£& 1 9 9 9^ J . Phys. Chem. Bv. 10 3(09 4 5 0 - 9 4 5 4 
KKIi, &5WS£*trc3 y^-X • 3-jV^-;ve7f©l/-f-^ (ablation) 

(PAHs) *±fck LXm&2tlX\,*2>tm&2tl&^-)\'?-)l<liv1-te, 2 0 0 - 

6 o orosjK^'^A^-ci^Mi^^-rsts^^^^-r^o 

tfx C 6 0* ) ibm^^iltzo 

T*')iiftft5, 9 8 5, 2 3 2 t6, 16 2, 4 1 1 jfc^Kistt * 7 v - V V 

[0 0 0 4] 

ISSUES 

T^S'fcco^tfo »i Lv^|R^#«^k*3R«S*Hi, 2jGlJb*>*JHIL 2tt±^)5I 
**Wil.£l±<*>*J|-SU 1 J£U:<0 5^£<Oig^£%1-&ffi^&ft (SP*»> &3 

co^M3tt 1 &±<v5mm.k(DU&yozm-t2>. m±o^#^^^4 om*%«±. 
*miK*z&w^mmtfomimK&. &&%mmmtt&m (pahs) £pt&«?<t> 
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>CD|SB«»±&2 0%«fc *?/h$v> 0 

trntnz zmt^i&mtfcmmm \t, * - ± - *>^r-r & set u * o r * © & & s 

-±-Xti^+^^k7)c^^^^< fcft<^M^XI}#W<7*£-C7^ 

OSf^SteoSfr (distillate f^act^on)X^i5?fi<^SM ! ^^^3-^^^^" ^: ^ S 
*mXf±itt^,<7)M^^ 2 JiJL-h^-rs 1 ^±«o^#^^$r#tf^^#2^^b7K«^ 

Mid*, ten* h&m<afc«>«>**#tfcMu #fc*«»M*H**fc«ET-c*& 1 eom 

fco^TWU i»l 2 0 "07)^2 0 OtJ^ia^ffl-e**^^* 1 tt±0«»«r*trO*«# 
J: v> 0 

-r^^Jrv^o 3-;v^-;kdI®«)I±, tc^ET> 121^19 6 r^iajKttiB-C 
&*e>*tfc 1 &±<o@fr£#*, .a- 7*)-&*§kW<D3j&<r>®.mK 
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« tz#><Drt- i— k , ^4 , &tfV'Xli***j£f£K:&£ L7t^*^^m^ 

mtimmm\t, m^n, ¥i&&^-+-ximWL'*-*r-*m^xzti?ti^m.&#:X 

Stfk7kf6Mft\tWL{k&#x (tfflx.^ mm, Mcfc&)K\±&^<v* i )%M&JfxK£-oX 

-&&}Kte* - + ; w&<Dtkmit. ^-j--Kmx2fr&%*Mbmft&jfA<D4®Mm 
* =mmv mM/mim) /it^m^m* mPt/mitm 

i^-r^o iit, a^-r^iti^ ftjttt, (xii8*M->*-r a) xn\z& 

^xm&2 titzmmw mft/mitm itfrhmn$tiz>ztX'$>2>o ^m-s^x^ 

MUM. y 9- U>*<5trJj-tf>1-Stfft*®Z>K&, m*it\i^ < k ii 2. 2li# 
S-C*4o £-<Dikl$ $ tzM^4 J: i)^l<i^» ^*Jtli. g£*t&&5g?> (given) * 
-#y^y#^<0*$*£S:*K-r&*:£>K. Mfe<D (given) Rtt3kJ£<7>*:#<7>$i5e<7> ( 
given) H->7fA[:*K, iil&fi^iftlcfti&'fbS *L£<> fajx_wr % 

<7>#kw.Ki$^xm^hti&mm}t\t, mMKmmzn&y?- w 
mftkmft#xim&<DWK^m&ztixi>£\,* (bp*>> ^m^-^-^^x) 1, 
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Tor r tSi?*lTV>4 0 tt^MfckSKiSm t &<kt4#* 

7^ 5, 273, 7 2 9\ 5, 985, 2 3 2 £ 6, 162, 411 K£^Tli. 

v> tz $ ti & o Ztih <DmHt li #3&93 & K is v> T S* S IB« $ *LT v> & t5 s 

fix v> & o ^N^'-t- li*»WO^«»#lle^'f k*3»K»0«ffl L < 
&v> 0 i<o|ys<o^il|^#tSlj^fl:7lc5(El»»*«ffl-ri»i U>^-t-«*li, 2 0 0 2 
1 5 H^ffil^^^-^^f-f '^-{7^ 'JflffiMS/N 1 0/0 9 8, 
8 2 9 t> 2 0 0 1^8J! 3 0 HKtfJM£*l*:Tp< >j #^aJM6 0/3 1 6, 4 2 6 KfB 

^m^^/Xfi^^ov^T^a^^ffllS^ (h777*) Alfa i^^lc 

t^TUo -e^nLT, ^^F- (t^-<7)±^PR]R?it-6a) OBJR 7 4 

H-Sft«fflniHtU, »S t<li. ^.?L^-fX^l 0 5 *n>&T<07* 

fc*HJ±j&S-C**o 2 0 0 2^3^15 BfctfJ®S*t*:7* 'J 7J#t*tB® 1 0/0 9 8 
, 8 2 9-?-. 2 0 0 l#8^3O0tiliS?Wc7^ , J*taiS6O/3 1 6, 3 15t 
Kit, m%t%i<Dmnv>tctb<DZ:<DWi (in situ)(0*}f^««r'(tx.7t$f $ L^yi 

m*&ttmmtoto'*- •f—^hm^^mm^LW-cmB-ri z t&x% &<> y^-vyt 
^jT'jftmprBg^7 9-^>. #kc 6 o tc 7 ofi. muztifcm&vo*^ ftsflsctt 

ffliot, fflaJ7 5 W-^^Sfi T'-f^-M. D. f©2 0 0 0^J. P 
hys.Chem B 1 0 4 : 9 6 1 5Kli, HPLCft*fflV^75-l/>©#S*l«l 

5^<jd J: ^ mi & f e&td* & « o 
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^^^mm^% (pahs) *77-uy, 7 7-v>mx\im<?> 

£Ol6lfi0^t«ffl^l4o U^PAHs ***i}|fc< ^rae><5C» J: L 

l^tta^ 2 0 0 l#8B3 0BKffifi?*lfc7^y*fi»«fffil60/3 1 6, 315 

* 7 9 - v y i %iik± h ? * * - *>^&5££M-r & £ t *> s -e £ £ o 

*5kWK£z. 2&±.<7>7<£m.. 2&±<DKm^ x\ti&±<7>7xmm.t 1 &±<Dx.mm. 

[0 0 0 5] 

t^&wtt* i&mmfrh7 7>-uy*&&-rz>m&<ommmtt. #k> &®%&nmt& 

kv^ftjaK, t fc^o— §&{igoX &<^&*o ^^Miitfi. &£3§&LT 

s&^^aisjt&jjiim:^- 1^>{4^2 oM*%i-cjtLTv^>6«, Y#5W**aiBrBg^ 

kLXU : mZtiZ>7*7-Vy<Dl£m } 0\i, &0. 5 %"?&*<> tfJMA?)^7li. 
ffl v> * 7 ^ - V ^ <7^)£ I- tt L "C fi . > « > (i^JS^f^ R^fbTfc^ -ef*£^ 
LTv^o ^^>J*> P AH s *&tr8Ht&mmtt*m^2>Z.tK iot, it 
tz (5 0- 1 0 0%) <D7 7- UXDtkMUZ'&T^&o 

&fcmK\t, zi-ji>?—*<m®vo (ctd) <D*mmfr. ft* v<&. ^m-cmi oot 

^f>2 2 0V<Di&1$l&ffl-emi(2.Ziitz J i8ft*'5tr i><Dl)K Z.o>&Wu<Dtztb<DM < it* 

ilfcPAHs^I^JI«U ^<^ffl»i, ^i£K33U-*«ffltU'ag&:7 9-l'><7># 
S , 9<7)5(C#5rti'K-e§*o i*t?><^3-^^~)K?5^a®<0'fiefflfi. ^^-tf^^ffi 

A,-CV>* 0 M»l:**iano«W«»» + li#<£U*:fc 

^.#ffilci3»t*^b7K^^^0 7 7- U> k®<7)*-tf>7-smn<OB&.lt, PAH s £ 
fflLTiifi 1 "f * £#D^>itT^* (*-7VKiil 99 8^Angew. Chem. 
Int. Ed. 37 I 2 4 34) * 75-l/ H /li, flUIIBB^ 1 200^-1600*0 

^^*<7)-C, ibTJ^fcjKttfl?* LV^^-CJi^V*) 0 P A H s .ttffiffiiJi^ftfc&iffcttO 

5fs#, ^l^a^^^*LT^*^#«#HJt^LT<£v> (^7-KfJ:ia, 19 
9 2 ^P) © 
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t'S:* t#C^*tTv^ 0 L^L&* S ^ P AH s «-f fflt^l 
f±, MK«l£^<^i&K*>£ >9 > ^<7)£i5U PAHsm»<oiI^J:oTM? 
tt&i^igjirt&o P AH s KW*)®krtfc<DmiM<Otz*bK, —?<DP AHrfc^+OEUK 

±<7)sjm<7>m^frSo *&?)£# a, -ev>& i vM.<D%&mfr**'&tfmntf, «t *)^^ 

Cl<7)^(7)^li. 9- l^£-g"tf7 9- UVfcffrfc?-*, J: «9 -aSfiWi 7 

MXfi^t&ft^M^X'iSJm^tffc?), fl);ctf> 

<D<1: 9 &2o^#j£^£^- $ajx.»f. T * h 5*V^7itv M^oJ: 9 3 

zm^mmmtim (#tffii^7ki> pahstuj) i*. n<H2o«s 

^^-r&7f#^t?*^»o PAHsfctt, '('✓f'A 9 

^7>h7-bV 7/l/*9 5'-feJ', tTV>. V>$r^-tfo P A H<7)fl§l&li/£< , 

<tfe2 o^^w-rsTf^a^^-r* *><o-e$> > ^-eii-e?) 2 o*>iit£jfc£* 

&tr *><D*> l£l±©^ (faj^jf, gfg, fifeU) PAHt© 

-ofH^CH, ^OW-^JiC = 0^^-7'^®^m^-2>-^7i J -C§&o PAH* sKJi 

tLtv^o P AH<0-oJiU±^#m> ^fll^XJi^^mJ±^^-e*»^"C<)«kv> 

(XIJ#^P) XJi m±^>^-rn^t^L^^3S) tic 

•e^ot, 4n + 2;r (Ci-C, n = 0, 1, 2, 3 #) om^^-^tf SB-fiT* ( 
planar ring)fc, tpU < £ fc— o<7>^#J£^£^ir^fa&;i>5H l fc^^1 _ & &<^*&o 
^#UHR«, «-m^<7)#m^b^?)jillP^^^S14^i!/-f$*ts 0 

ijy'y, WV^^s lfn--/K 77^, •f-*7i>' 5 g'^-tfo #^9J?>^#$^ 

-fk7jc»^^*3V^T»i. 2K±^fl, &ffiXtt^t&^i£^StX{i«3ltSl7^ 

•^>t-^o^'b60T"bDr^T^^> I, B:^X{4^^tLt^M'fk7|C^?r^-tT^$*L-C 

fflntt&ftMKis^Xii, #3&W<*>#toM5iSmfc»*> ltti?)#«7ffSe^k*^^ 

1,2, 4 -y f-;i/^^-ff ^V-ZK *l/Vy, fc? 
n-;K tfn'J-^>. ^-*y*.y, \£*)i?y, if'Jvf/ (pyridizine) 

. t'7v>, e'Hv>, ^fW7x>, ^f;i/f7yV, l-^f^en-;K 3 
-*<f-)V\£*) yyy ( 3 -methyl pyridazine) , 1 - ^f-)Vl:niJy>, *lia 
"Jy>, -jyW-)V (indazole) % ^>K-;v % -<yV l )y (indoline) , 75^, X 
<D%mmit&® X litK^R-fb-fr « ^-g-tf^fc7i 5 T^&o i <o J: d * » 
fcisv^T, PAH sXli^^M^^nr^*)^* ( 3 0 M*%XJ±^*tJ^±) #^-r^. 0 
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, h )VJ~y ^ x-^-)V Y ;u jc y ^ Y Ji/ j. 1,2,4 f-;w^?>-tf > N ^ ->f- 1/ 

e'JyV, t^'Jyf > (pyridizine) , fyy'V, f'^yV, *J-)V?-*7 
x.y, p»^;VtT9v>s 1 f-^tf a-^f^tJV^y'A l-^f^fo'J 

2 - ^f^t'n >; -7>\ -fv^i/-;!^ -f^.K-;K -f>K , ;>' (indoline) % 7 
-^^^P-^. ^^V^?* l^>\ (indanX ^^f-)V^ Z/y*y ^ 7 x.±y Y 

) -e**o ctds (a-**-*****) itfiR&DmL. mmL"*:®$3.-e&z>m$k 
wmvmm. &mJSL&&n&. m^m^^r^^^^^o L*Lfc*«&. ctd 

#£f£SU-C#&v>o L^U CTD<7>&£|g#l^ BE 
fSSt tEffl -e 3 o {c #81 $ it frtim #> h tL & i> m H & v> ^ S!l o^^^f -e fi (si CSJg 

flw>«*&Ktiu 2&±^M, 2»±<?)iii, x\n&±<v^mnti&±<D35.mw 

^^143^1^4 3^<7)P AH s fc«^^£*l&^*^-A2fX?fc (VGO) 

-e&& 0 #j i 5 or- 2 2 o , co«6H-elBIJD^^tLr v cS^^r-^^-ev^5M|gi^li, 
ti, i 6 o "C- 2 i o roieffl-e^^ £*ifce#£-^-ev>So 

^•WiglillttKA^-e^&o ^<0-oJi. ^^C$EH^3 2 0° F-35 0" F (160t 
-17 7V) -C*^>o miW&$&m&%}3 60° F-410° F (182t-21 Ot) 

frX ToWfrK&mt %z>tz?>7o 7 7-uy<D!kmm*fa±.Zi£ZZ-k 'gritttL J: n b-f 
&*&W<r>-fimKi$^Xl$Km%L<7>1bZ>Z t\U 8)3 6 0° F-4 10° F (182t- 
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X&bio CTD sXttCfafifrli, *ISW<^^k***K»t 4*#«Xli 2IR 

(DjS^ftkit&m t&&$> i> ^ lt%>W$ifeX$> * o fa)/t»*> CTD sXfi^fi^fl-{3\ St* 

y> > pahs. #k>t * 7 

m<?>mfr, ^y^.)VX - ^yV^h^-^mM-f-y^ (Koppers Industries' So 10 

lvent Naphtha ) (%j 5 0%<7>-f >7*>*^r-f*) *> s . flfcft-t* 

L£t^> 2tt±tf)^M, 2&±?>EJtg!. Xtil<7>^M^t l^)5l§^t?) 1& 
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